We examined how dietary habits (i.e., intake of nutrients and food groups) were changed by intervention and how once adopted diets were maintained thereafter using the data of a 12-wk worksite dietary intervention trial for men at high risk of coro nary heart disease (i.e., hypercholesterolemia, hyperglycemia, and/or overweight). Dietary habits were assessed pre-and post-intervention and 1y follow-up points using a selfadmin-istered diet history questionnaire. The intervention method was a brief individual counsel ing based on the results of a pre-intervention assessment and a weekly distribution of newsletters. At the pre-and post-intervention points, a control group selected from the workers was used for comparison. The Keys score, and the changes in intake of saturated fatty acids (SFA), monounsaturated fatty acid, total fat, and cholesterol (the decrease), as well as dietary fiber, potassium, calcium, and iron (the increase) were significantly different between the intervention (n=63) and control (n=123) groups (p<0.05). The changes were almost maintained with little recidivism at the 1y follow-up point in the intervention group (i.e., for the decrease in SFA and Keys score, p<0.001). The decrease in serum cholesterol level expected from the change in Keys score and body weight, taking possible regression to the mean into consideration, was almost identical to and slightly greater than (18%) those observed at the post-intervention and 1y follow-up points, respectively. The results suggest that the favorable changes in dietary habits adopted during an intervention period were al most maintained for the subsequent 1y period.
Several epidemiologic studies have reported that hy percholesterolemia (1) (2) (3) , obesity (4) , and hyper glycemia (5) are risk factors of coronary heart disease. The importance of lifestyle modification has been em phasized as a first-step in the treatment of subjects (6) and also for prevention of the disease (7) . Diet is one of the key factors for lifestyle modification. Several dietary intervention studies have therefore been conducted to establish methods to normalize serum cholesterol and body fatness among mildly hypercholesterolemic per sons (8) . Although some dietary intervention studies have been conducted for hypercholesterolemic persons in Japan (9) (10) (11) , few studies have reported quantitative changes in dietary habits, (i.e., nutrient and food group intake) using a validated dietary assessment method (11) . Because a long-term, rather than short-term risk factor status affects the subsequent occurrence of car diovascular disease (3) , the maintenance of modified diets after education ends is more important than a short-term reduction of serum cholesterol or body fat ness (12, 13) . Nevertheless, the long-term maintenance of dietary habit once adopted has scarcely been exam ined in dietary intervention studies (12, 13) . To our knowledge, no dietary intervention study has examined this topic with quantitative measures for Japanese sub jects.
The Toho-Gas dietary intervention study was a 12 wk dietary intervention trial for subjects with either hy percholesterolemia or hyperglycemia, or who were overweight (4) . The aim of the present study was to ex amine how dietary habits could be changed by inter vention and how, once adopted, diets could be main tained after education ended.
MATERIALS AND METHODS
Intervention group and intervention method. The sub jects were workers of Toho-Gas Company, Nagoya, Japan, with nonfasting serum cholesterol lever 5.69mmol/L (220mg/dL), nonfasting blood glucose level_??_6.60mmol/L (120mg/dL), and/or body mass index (BMI; body weight triglyceride_??_3.39mmol/L (300mg/dL) were also screened. Although they were different from interna tional standards, we used these criteria in order not to disturb the screening system used by the company for many years. The total number of subjects screened was 362 workers (320 men and 42 women aged 20-69y). After an explanation of the study purpose by mail, di etary habits were assessed with a self-administered diet history questionnaire (DHQ) (14) (15) (16) to 94 subjects (80 men and 14 women) who agreed to participate in the trial (dietary assessment at the pre-intervention point). An education plan was prepared based on the individ ual results of the pre-intervention dietary assessment. The individual results sheet used in the education con sisted of 7 pages with a summary of the subject's di etary habits and advice for dietary modification.
Approximately 15min of individual counseling was performed by trained nurses under the supervision of a registered dietitian in June or July in 1996. During the subsequent 12wk, a newsletter was sent to the subjects every week. The newsletter consisted of an easy-to-un derstanding story on "how to normalize your serum cholesterol level, body weight, or blood glucose by mod ifying your diet," or related topics for cardiovascular prevention. The education method used in the study is described in detail more elsewhere (14) .
Nine subjects (8 men and 1 woman) dropped out (drop-out rate=9%) and the remaining 85 subjects (72 men and 13 women) completed the trial. Dietary habits were assessed with the same method just after interven tion ended (i.e., in October 1996, dietary assessment of post-intervention point). All 85 subjects who completed the trial responded to the survey. The subjects took the annual health checkup in the same month. The results were returned to the subjects in December 1996. In September 1997 (i.e., almost 1y after the intervention ended) dietary habits were re-assessed using the same method (1y follow-up point). Seventy-six subjects (63 men and 13 women) responded to the survey. The number of male subjects at each point of the trial from the screening to the 1y follow-up point is shown in Fig.  1 .
Control group. The exercise function checkup, so called total health promotion checkup, was conducted every month to cover all employees of the company in 1995, independent of the dietary intervention trial. The recipients for each month were selected regardless of their health status or participation in the dietary inter vention trial. Dietary habits were assessed for the recipi ents in May 1996 with the same method (pre-interven tion point). One-hundred and ninety-two subjects (169 men and 23 women) responded to the survey. In October 1996, dietary habits were re-assessed using the same method for the respondents in May 1996, and 142 subjects (123 men and 19 women) responded to the survey (post-intervention point).
Self administered diet history questionnaire (DHQ). The questionnaire was designed to ask about diets over the previous one month. It took about 30-60min to answer. Nutrient intake was calculated using an ad hoc computer program developed to analyze the question naire. We previously examined the validity of DHQ with a 3d dietary record as reference using mildly hypercho lesterolemic middle-aged women, and found a reason able validity (i.e., mean Pearson correlation coefficients of 17 nutrient intakes between the values by two assess ment methods were 0.41, 0.46, and 0.48 for crude, en ergy-adjusted, and de-attenuated values with consider ation of day-to-day variation of intake, respectively) (15). We also found a significantly positive correlation between the Keys score and the change in serum cho lesterol in a part of this intervention group (14) .
Body size and serum cholesterol. Body height and weight, and serum cholesterol were measured at an nual health checkups in September and October 1995 (at screening), 1996 (just after intervention), and 1997 (1y after intervention). Body height and body weight were measured with subjects wearing light garments. Serum cholesterol was determined by one autoanalyzer (HITACHI 7350). Serum cholesterol was also measured just before the trial with more strict quality control than the usual annual health checkup. However, since the comparison was difficult because of the different level of quality control, the values measured in the health checkup in 1995 were used as representative values at the pre-intervention point in this study.
Statistical analysis.
Subjects.
Because most of the participants in the intervention group were men (83% for the subjects with data at the 3 points), only men with data at the 3 points for the intervention group (n=63) and at the pre-and post-intervention points for the control group (n=123) were included in the analysis.
Variables.
The intakes of energy, 15 nutrients and 15 food groups were included in the analysis. Food groups used in the study were based on the food group category in the food composition table of Japanese foods (17) . In addition to nutrients, the Keys score (18) was included in the analysis because it has been considered as a useful dietary indicator related to cardiovascular risk profiles (19) .
Keys score is defined as: Statistical tests.
Changes from the pre-to post-inter vention and 1y follow-up points within a group were tested using paired t-test. Differences between groups for the changes from the pre-to post-intervention points were tested by non-paired t-test. Since the fat eating habits were recorded by scale as mentioned above, the scale means were used for the analysis. In order to objectively examine the change in dietary habit, we calculated the change in serum cholesterol levels expected from the Keys score (18), change in body weight (21) , and a possible "regression to the mean" (22) , and compared them with the correspond ing observed value. In this analysis, we assumed that "regression to the mean" occurred at the same level, both for the intervention group and non-participants in the trial, and the whole change in serum cholesterol of the non-participants attributed to "regression to the mean." The observed mean change in serum choles terol in the non-participants (n=187 with serum cho lesterol measurement at all 3 points) was used as a pos sible change due to "regression to the mean" in the in tervention group.
Significance level was p<0.05 in all of the analyses. All analyses were done with SAS statistical software (SAS Institute Inc., Cary, NC, USA). Table 3 shows the fat-eating habits and the intake of SFA-rich foods and their substitutes. Among the habits and intakes examined, the scale of eating habits for "fatty parts of beef and pork" and the intake of low -fat milk and total milk showed significant differences be- tween groups for the change from pre-to post-interven tion points. The changes from the pre-intervention point within the intervention group, changes of the scale of eating habits for "fatty parts of beef and pork" and the intake of low-fat milk remained significant until the 1y follow-up point (p<0.01). Table 4 shows the observed and expected changes in serum cholesterol level from the screening to the 1y fol low-up point in the intervention group. Mean serum cholesterol level decreased by 0.31mmol/L at the post intervention point and 0.32mmol/L at the 1y follow up point, but none of the change was significantly dif ferent from zero. The expected decreases in serum cho lesterol were 0.32 and 0.38mmol/L, respectively, which were almost identical to and 0.06mmol/L greater than (18%) the observed decreases at post-in tervention and 1y follow-up points, respectively.
RESULTS

DISCUSSION
Although several studies have reported compliance with dietary intervention for hypercholesterolemic per sons in western countries (23) (24) (25) , few studies re ported quantitative changes in nutrient and food group intake in dietary intervention studies in Japan (11) . A significant change in a favorable direction was observed for SFA, cholesterol, 6 other nutrients, and the Keys score when the changes from pre-to post-intervention points were compared between two groups. The results also showed that the favorable dietary habits adopted during the intervention were almost maintained at the 1y follow-up point.
Long-term maintenance of dietary habits, once adopted, has scarcely been examined even in western populations. The Women's Health Trial reported the successful maintenance of a low-fat diet (i.e., only 1.4
percentage of total energy (%E) increase in total fat with 1y follow-up after 5-37 mo low-fat dietary inter vention) (13) . In a study which examined a longer term (i.e., 2-3.5y), maintenance of 6-8y cholesterol-lower ing dietary intervention, the special intervention group showed a significantly lower intake of foods high in SFA than the usual care group (12) . These two studies sug gested that, once adopted, low-fat diets could success fully be maintained after the intervention ended, at least within the periods examined. These previous stud ies also observed that other favorable dietary changes adopted during the trial such as an increase in dietary fi ber were maintained at the follow-up point (13) . This favorable side-effect is a unique feature of dietary, non pharmacological, intervention trials. Although this may make it difficult to examine the relationship be tween a change in a single target nutrient or food intake and a target outcome, variables such as serum choles terol change and many favorable effects besides a target outcome can be expected by the dietary change. This is important for disease prevention by lifestyle modifica tion.
In a previous study, the substitution of manufactured low-fat foods was easy to adopt and to maintain, whereas new habits related to avoiding fats as flavor ings and avoiding meat was more difficult (20) . In the present study, a significant change was observed for avoiding the fatty part of meats and an increase in low fat milk consumption, and these habits were somewhat maintained until the 1y follow-up point (Table 3) . However, the intake of fat spreads and meats did not change significantly during or after the intervention. The results were therefore generally in agreement with the previous study (20) . Additionally, one intervention study for hypercholesterolemia conducted in Japan, which qualitatively measured dietary habits, showed similar results (i.e., a significant change from full-fat to low-fat milk and the difficulty of maintenance on choice of meats) (9).
Several methodological shortcomings should care fully be considered for interpretation of the results. The subjects of the intervention group were voluntary par ticipants with cardiovascular risk factors. On the other hand, the subjects of the control group were voluntary respondents selected from another health checkup pro gram regardless of their cardiovascular risk profiles. Therefore, the comparison of these groups is likely to in troduce unknown confounding factors related to differ ent group characteristics. Next, the serum cholesterol levels measured about 7mo before the dietary assess ment at the pre-intervention point might introduce a bias to the results.
Dietary assessment by a self-administered question- Table   3 .
Fat-eating habits and intake of SFA-rich foods and their substitutes. naire is subject to certain sources of measurement error. Although not perfect, we used a validated ques tionnaire in this study in order to minimize this prob lems (15, 16) .
The decreases in serum cholesterol levels observed in two previous low-fat dietary intervention studies were close to the values expected from the Keys scores (12, 13) . In this study, the observed change in serum choles terol at the post-intervention point was almost identical to the expected change taking "regression to the mean" into account. We assumed that "regression to the mean" occurred at the same level between the interven tion group and non-participants to the trial, and the whole change in serum cholesterol level of the non-par ticipants attributed only to "regression to the mean." However, some changes in lifestyle and a decrease in serum cholesterol due to this change might also have occurred among the non-participants because a previ ous randomized, controlled trial reported that "health checkup only (without education) " showed a small but statistically significant decease in serum cholesterol level (0.10mmol/L) (26) . Therefore, the regression to the mean used here might have been slightly greater than the real value. On the other hand, the intervention group, who were probably more health-conscious than the non-participants, might have increased their physi cal activity more than the non-participants (27) . The above two possible confounding factors, however, con tribute to an expected change in serum cholesterol level in the opposite direction. Furthermore, we measured nonfasting serum cholesterol because of feasibility limi tation. This might have induced another bias and ob scured the results. The poor quality control of serum cholesterol measurement at annual health checkups the over years might also have introduced another bias.
The expected change in serum cholesterol at the 1y follow-up point was slightly greater than (18%) the ob served change. A possible change in the lifestyles of the non-participants might have occurred steadily from the pre-intervention point to the 1y follow-up point in con trary to the dietary change in the intervention group, Table 4 . A further study with a better study design is necessary to eluci date the possible predictability of serum cholesterol level by dietary change.
Another important factor for dietary education and intervention trials is to develop an effective and practi cal education tool (11), A similar computer-tailored nu trition intervention was also reported as a promising means of stimulating people to change their diets to ward dietary recommendations (28) .
In conclusion, this study reported that favorable changes in nutrient and food group intake adopted dur ing an intervention period were almost successfully maintained with little recidivism over a subsequent 1y period. However, the control group was inadequate, and no data were available at the 1y follow-up point for the control group. One year is not long enough from the viewpoint of cardiovascular prevention by lifestyle mod ification (2) . Further studies overcoming these short comings are necessary for the development of effective, practical and well-validated dietary education systems for the prevention of cardiovascular disease.
